A new hydroperoxycembranoidal diterpene, trocheliolide A (1), was isolated from the octocoral Sarcophyton trocheliophorum. The structure of 1 was elucidated on the basis of spectroscopic and mass spectrometric methods.
Studies on octocorals belonging to the genus Sarcophyton have led to the isolation of a number of interesting secondary metabolites some of which possess interesting bioactivities [1, 2] . In previous studies of S. trocheliophorum (von Marenzeller, 1886) (phylum Cnidaria, class Anthozoa, subclass Octocorallia, order Alcyonacea, suborder Alcyoniina, family Alcyoniidae) (Scheme 1), collected off the waters of Taiwan, several interesting cembrane analogues, including (+)-isosarcophytoxide, (+)-isosarcophine [3] , 7β,8αdihydroxydeepoxysarcophine, sarcophine, 16-deoxysarcophine [4] and trocheliophorol [5] were isolated. In continuation of our search for new substances from marine invertebrates, S. trocheliophorum was studied, as its organic extract was found to display meaningful signals in NMR studies and a new hydroperoxycembranoidal diterpene, trocheliolide A (1) (Figure 1 ), was isolated. In this paper, the isolation and structure determination of 1 are described.
Trocheliolide A (1) was obtained as a colorless oil, [α] 26 D −76 (c 0.3, CHCl 3 ). The molecular formula, C 20 H 28 O 5 , was determined (seven degrees of unsaturation) based on the HRESIMS (C 20 H 28 O 5 + Na, m/z 371.18300, calculated 371.18290). The IR spectrum of 1 showed bands at 3363 and 1743 cm −1 , consistent with the presence of hydroxy and ester groups. The 13 C NMR spectrum of 1 showed the presence of twenty carbons, which were assigned by the DEPT spectrum to three methyls, six sp 3 methylenes, three sp 3 oxymethines, an sp 3 oxygenated quaternary carbon, an sp 2 methylene, an sp 2 methine and five sp 2 quaternary carbons (including an ester carbonyl). The NMR signals at δ C 174.6 (C-16), 161.1 (C-1), 123.8 (C-15), 78.8 (CH-2), 8.9 (CH 3 -17) and δ H 5.48 (1H, dd, J = 10.4, 1.6 Hz, H-2), and the IR absorption at 1743 cm −1 could be assigned to an α-methyl-γ-butenolide moiety [5] . A trisubstituted and a 1,1-disubstituted carbon-carbon double bond were identified from the NMR signals at δ C 142. The relative configuration of 1 observed in the NOESY spectrum corroborated the MM2 force field calculations, which suggested the most stable conformation, as shown in Figure 3 [11] . In the NOESY experiment of 1, it was found that H 3 -18 showed interactions with H-2 and H-7, indicating the β-orientations of H-2 and H-7. Furthermore, H-11 correlated with H-7, but not with H 3 -20, suggesting that H-11 and Me-20 are β-and α-oriented at C-11 and C-12, respectively. From the above evidence, the relative configurations of the four chiral carbons C-2, C-7, C-11 and C-12 were assumed to be in the R*-form. The isolate was named trocheliolide A.
The cytotoxicity of trocheliolide A (1) against the proliferation of a limited panel of cancer cell lines, including MOLT-4 (human acute lymphoblastic leukemia), SUP-T1 (human T-cell lymphoblastic lymphoma), DLD-1 (human colorectal adenocarcinoma), LNCaP (human prostatic carcinoma) and MCF7 (human breast adenocarcinoma) was studied. The results showed that 1 is not cytotoxic toward the above cancer cells (IC 50 > 20 μg/mL). Because the screening platforms are limited and material was consumed in physical and spectral experiments, other possible biological activities for this interesting substance will not be assayed at this stage.
Experimental
General: Optical rotations were measured on a Jasco P-1010 digital polarimeter. Infrared spectra were recorded on a Jasco FT-4100 FT-IR spectrometer; peaks are reported in cm -1 . NMR spectra were recorded on a Varian Mercury Plus 400 NMR spectrometer using the residual CHCl 3 signal (δ H 7.26 ppm) as the internal standard for 1 H NMR and CDCl 3 (δ C 77.1 ppm) for 13 C NMR. Coupling constants (J) are given in Hz. ESIMS and HRESIMS were recorded using a Bruker 7 Tesla solariX FTMS system. Column chromatography (CC) was performed on silica gel (230-400 mesh). TLC was carried out on precoated Kieselgel 60 F 254 (0.25 mm); compounds were visualized by spraying with 10% H 2 SO 4 solution followed by heating. Normal phase HPLC (NP-HPLC) was performed using a system comprised of a Hitachi L-7110 pump and a Rheodyne 7725 injection port. A normal phase column (Supelco Ascentis ® Si Cat #: 581515-U, 25 cm × 21.2 mm, 5 µm) was used for NP-HPLC. Reverse phase HPLC (RP-HPLC) was performed using a system comprised of a Hitachi L-2130 pump, a Hitachi L-2455 photodiode array detector and a Rheodyne 7725 injection port. A reverse phase column (Supelco Ascentis® Si Cat #: 581343-U, 25 cm × 10.0 mm, 5 μm) was used for RP-HPLC.
Animal material: Specimens of cultured Sarcophyton trocheliophorum were collected by hand using scuba equipment off the coast of Lanyu Island, Taiwan, on July 6 th , 2013, and stored in a freezer (-20ºC) until extraction. A voucher specimen (NMMBA-TWSC-13086) was deposited in the National Museum of Marine Biology and Aquarium, Taiwan.
Extraction and isolation:
Specimens of S. trocheliophorum (wet weight 1386 g, dry weight 673 g) were minced and extracted with ethyl acetate (EtOAc). The EtOAc extract remaining after removal of the solvent (16.7 g) was fractionated by CC on silica gel and eluted using n-hexane/EtOAc (stepwise, 100:1-pure EtOAc) to yield 15 fractions, A-O. Fraction H was separated on NP-HPLC using a mixture of n-hexane/EtOAc (3:1, flow rate: 3.0 mL/min) as the mobile phase to yield 15 fractions, H1-H15. Fraction H14 was further purified by RP-HPLC using a mixture of methanol and water (7:3, flow rate: 1.0 mL/min) to yield trocheliolide A (1) (1.0 mg, t R = 22 min). MTT antiproliferative assay: MOLT-4 (human acute lymphoblastic leukemia), SUP-T1 (human T-cell lymphoblastic lymphoma), DLD-1 (human colorectal adenocarcinoma), LNCaP (human prostatic carcinoma) and MCF7 (human breast adenocarcinoma) cells were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were maintained in RPMI 1640 medium supplemented with 10% fetal calf serum, 2 mM glutamine and antibiotics (100 units/mL penicillin and 100 μg/mL streptomycin) at 37ºC in a humidified atmosphere of 5% CO 2 . Cells were seeded at 4 × 10 4 per well in 96-well culture plates before treatment with different concentrations of the tested compounds. The compounds were dissolved in dimethyl sulfoxide (less than 0.02%) and immediately made into concentrations of 1.25, 2.5, 5, 10 and 20 μg/μL prior to the experiments. After treatment for 72 h, the cytotoxicity of the tested compounds was determined using a MTT cell proliferation assay (thiazolyl blue tetrazolium bromide, Sigma-M2128). MTT is reduced by the mitochondrial dehydrogenases of viable cells to a purple formazan product. The MTT-formazan product was dissolved in DMSO. Light absorbance values (OD = OD 570 -OD 620 ) were recorded at wavelengths of 570 and 620 nm using an ELISA reader (Anthos Labtec Instrument, Salzburg, Austria) to calculate the concentration that caused 50% inhibition (IC 50 ), i.e., the cell concentration at which the light absorbance value of the experiment group was half that of the control group. These results were expressed as a percentage of the control ± SD established from n = 4 wells per one experiment from 3 separate experiments [12] [13] [14] .
